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Abstract 
In the mad race of development, we have developed a myopic vision thereby endangering the coming generations. No doubt, 
industrialization and urbanization are the ‘in things’, but what is missing in the today’s style of development is the aspect of sustainability. 
Moreover, If the food we eat, the air we breathe, the water we drink, etc all are witnessing a marked deterioration  in the quality, then by 
all means the developmental model needs to be questioned. Things like pattern of urbanization, materials used in building construction, 
building construction practices, urban commuter’s behaviour, energy needs, waste disposal strategy, disaster management, etc. and 
juxtaposing all – ‘the carbon footprint of our life style’ should be relooked. Instead of just restricting to the evolving codes of ‘Green 
Buildings’ we should be evolving the codes of ‘Green Lifestyle’ and should have effective mechanisms in translating these codes into real 
time actions. It is these ‘differential green actions’ which when integrated would redefine the developmental model. Technology has the 
strength to make the people perform these differential green actions which not only benefit them at an individual level but also the society 
at a mass level. Through this curtain raising research paper we wish to bring forth the burning problems of the cities and herewith present 
a technological perspective in bridging the wide gap between sustainability and development. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Institute of Technology Nirma 
University, Ahmedabad. 
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1. Introduction 
It is axiomatic that the more advanced the civilization becomes, the more complex the problems related to men’s 
environment will be. With the onset of development, the urban areas have, no doubt, become the engines of economic 
growth and the magnets for new residents flooding in from rural areas but the rapid industrialization and urbanization have 
deteriorated the living environment, increased the energy consumption, elevated the ground level ozone and even increased 
the mortality rates. If we see the urbanization trend across the world, then in 1800, only 2 per cent of the world’s population 
was urbanized while in 1950, around 30 per cent of the world population was urban. In the beginning of the new 
millennium, almost 47 per cent of the world population was urban and by 2030, it is expected that around 60 per cent of the 
world population will live in urban areas. It is alarming to know that almost 180,000 people are added to the urban 
population each day! The urban population of developing countries is expected to reach 50% in 2020 and by 2050 over 6 
billion people, i.e. two thirds of humanity, will be living in the towns and the cities. Making cities sustainable is one of the 
most important missions of current generations. The planet requires that we move with haste towards sustainability.  
A sustainable city is a city designed with consideration of environmental impact, inhabited by people dedicated to 
minimization of required inputs of energy, water and food, and waste output of heat, air pollution and water 
pollution. Richard Register first coined the term "ecocity" in his 1987 book, Ecocity Berkeley: Building Cities for a Healthy 
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Future. As such, There remains no completely agreed upon definition for what a sustainable city should be or completely 
agreed upon paradigm for what components should be included but the basic agreed philosophy is that without 
compromising on the quality of life and rate of development, the carbon footprint should be minimal. Moreover, the focus 
should be on the type of development and final objectives for achievement. Though the onus of evolving a sustainable city 
lies on every individual and each fraternity viz. an important role is played by the technologists in evolving a framework 
such that the various aspects of development are evolved in a sustainable manner. In the background of the rapid rate of 
urbanization and touching the vitals aspects like water, wastewater, air, building materials, building construction techniques, 
on-road vehicular movement and disaster management, the present paper puts forward a technological framework for 
evolving sustainable cities. 
1.  Wastewater Treatment and Management: 
 
The present developmental scenario has civil, industrial and urban developments as the parallel components and it is 
axiomatic that as the more advanced the civilization becomes, it pose more complex problems related to human 
environment and livelihood. The ever-growing population, urbanization, industrialization and rise in living standards 
impose heavy fluxes on water demands, making the pure water availability as an issue of global concern.  
 
1.1 Wastewater management in India 
 
Likewise the global scenario of developmental nations, these components are the supporting pillars of the economical 
development in India too; but they are having a very high influx and excessive consumption of the natural resources. 
Sources are depleting day by day and the growing scarcity of fresh and clean water is among the most important issues 
facing civilization in the 21st century. Enormous quantity of water is consumed in agricultural, domestic and industrial 
sectors. The recent and expected water demands of India are as summarized in Table1.1 below [1]. 
 
Year 2010 2025 2050 
Estimated irrigation water requirement (Billion cubic metres, BCM): 536 688 1008 
Estimated domestic water requirement (BCM): 41.6 52 67 
Estimated industrial water requirement (BCM): 37 67 81 
 
Urban water supply and sanitation are important basic needs for the improvement of the quality of life and enhancement of 
productive efficiency of the people. In urban areas, water is tapped for domestic and industrial uses from rivers, streams, 
wells and lakes. Almost 80-90% [1] of the water supplied for domestic use is generated as wastewater [2]. Out of the major 
300 cities, only about 70 have partial sewage treatment systems and Cities and towns in India are excessively exposed to 
groundwater pollution and as a result, the groundwater reserves are under risk of pollution. Wastewater management in 
India has become an extremely important area of focus due to increasing health awareness and population pressure. Despite 
the wastewater sector witnessing major growth in the last decade due to increasing government support and private 
participation, the scale of the problem remains enormous. For instance, it is estimated that less than 20% of domestic and 
60% of industrial wastewater is treated. Metros and large cities (more than 100,000 inhabitants) are treating only about 
29.2% of their wastewater; smaller cities treat only 3.7% of their wastewater. Wastewater management in India has become 
an extremely important area of focus due to increasing health awareness and population pressure. Despite the wastewater 
sector witnessing major growth in the last decade due to increasing government support and private participation, the scale 
of the problem remains enormous. For instance, it is estimated that less than 20% of domestic and 60% of industrial 
wastewater is treated. Metros and large cities (more than 100,000 inhabitants) are treating only about 29.2% of their 
wastewater; smaller cities treat only 3.7% of their wastewater [3]. The Fig. 1 (a) and (b) represents the status of wastewater 
generation and treatment in India, in a nutshell. An integrated wastewater management plan is thus very necessary to tackle 
this issue. 
 
1.2 Need to prioritize wastewater management 
 
The following statistics urge an urgent need to address the wastewater treatment and management in India.  
 
x Water supply and sanitation in India continue to be inadequate, despite longstanding efforts by the various levels of 
 government and communities at improving coverage. Though level of investment in water and sanitation has 
 increased, the rural sanitation coverage has increased from 1% in 1980 to 21% in 2008, access to improved  sources of 
 water has increased from 72% in 1990 to 88% in 2008; an estimated 72% of Indians still lack access to  improved 
 sanitation facilities [4].  
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x There is a large gap between the wastewater generated and treatment capacity: Only 30% of total sewage 
 generated and only 60% of the industrial wastewater generated in urban India is treated. [5] 
x Untreated discharge: 26.5 billion litres of untreated wastewater discharged into water bodies every day. 
x Poor maintenance and attainment of the limits of discharge: Discharge from 39% of STPs do not conform to 
 environment protection standards. 
x Majority diseases and health disorders are water borne. 
 
 
 
Figure. 1 (a) Sewage generation and treatment capacity in metropolitan cities of India [2]. 
 
 
 
 
 
Figure. 1(b) Sewage generation and treatment capacity in class-II towns of India [2]. 
 
Looking to this present status of domestic waste management in the country, it has become very necessary to implement an 
appropriate sanitation approach to the specific conditions for removing oxygen-consuming organic matter and nutrients 
from wastewater treatment processes, which combine high treatment efficiency with low capital investment, maintenance 
costs, and simple operation requirements. A deep, multidimensional, scientific & engineering insight is required to 
improvise on waste management in totality including wastewater treatment, recycle & recovery and safe disposal. 
 
1.3  Key drivers for sustainable wastewater management 
 
The following wastewater treatment techniques and methodologies are proposed with integration for effective wastewater 
management to evolve sustainable cities. The domestic and industrial wastewater managements are addressed for existing 
facilities and new developments, respectively. 
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1.3.1 Existing sewage treatment facility 
 
x Segregated collection system for accounted & un-accounted and point & non-point sources. The unaccounted and 
 non-point sewage should be provided with decentralized and simple treatment facilities as the anaerobic treatment 
 through septic tanks. 
x The existing sewage treatment plants need to be upgraded with additional units or modification in the 
 existing facility. 
x Intercepting sewers and collection facilities should be provided to prevent the unaccounted sources from discharging 
 into the natural water bodies in every city. 
x Onsite / decentralized wastewater treatment plants for small community establishments to treat the 
 wastewater to facilitate its reuse and recycle within the premises. 
 
1.3.2 Proposed sewage treatment facility 
 
Water reuse and recycling are the only solutions to close the loop between water supply and wastewater disposal. Water 
reuse accomplishes usually two fundamental functions: the treated effluent is used as a water resource for beneficial purpose 
and the effluent is kept out of streams, lakes, and beaches: thus reducing pollution of surface water and groundwater. 
Additionally, valuable substances and heat recovery can be achieved by water recycling obtaining a zero emission process. 
 
All new treatment facilities shall be designed and operated to treat to the extent of reuse and attain incentives should be 
formulated to sell out the treated wastewaters sold out by the municipal corporations. The following treatment technologies 
shall confirm to the above requirements. 
 
Membrane bio-reactor systems: 
 
Membrane filtration systems are processes which employ semi-permeable membranes and a pressure differential to remove 
solids in waste streams. Reverse osmosis, and micro and ultra filtration are two commonly used membranes for water and 
wastewater treatment processes, respectively. Membrane bio-reactors, with micro and ultra filtration membranes (MF and 
UF) offer an excellent solution for in-process, at-source treatment applications, and full-scale suspended growth membrane 
bioreactors as the centralized wastewater treatment facility. Membrane as applied in the wastewater treatment is a fine filter 
(membrane) in the form of a thin, highly porous sheet with a thickness of 0.1 mm or less. The pore diameters of membrane 
filters are precisely controlled and are held to almost constant size during its manufacturing. Membrane separation causes 
rejection (or separation) of the pollutants (in suspended or dissolved form) and permit the passage of pure water through it 
[6] 
 
The major operating parameters of aerobic MBR for domestic wastewater are: 
 
MLSS (mg/L) 5000 – 25000 
SRT (d) > 20 
Sludge load (kg BOD/kg MLSS.d) 0.02 – 0.04 
Flux (L/m2.h) 20 – 35 (and more for specific membranes) 
DO (mg/L) 0.5 – 1.0 
 
Typical performances: 
The MBR treated effluent after disinfection has the following average quality: 
 
pH 6.5 to 8 
BOD (mg/L) < 5 
COD (mg/L) <30 
TN (mg/L) <10 
Turbidity (NTU) <2 
TSS (mg/L) <5 
     
Sequential batch reactor: 
 
The sequential batch reactor (SBR) systems are very compact units performing the wastewater treatment in a batch mode. In 
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addition, cycles within the system can be easily modified for nutrient removal in the future, if it becomes necessary. This 
makes SBRs extremely flexible to adapt to regulatory changes for effluent parameters such as nutrient removal. SBRs are 
also very cost effective if further treatment like filtration is to be provided, beyond the biological treatment. The SBR in 
addition to its numerous applicability and advantages have a relatively small footprint, and thus they are the proven 
decentralized wastewater treatment systems. They are uniquely suited for wastewater treatment applications characterized 
by low or intermittent flow conditions. 
 
Typical performances: 
 
The SBR treats the effluents to a very high standard (normally to 15 mg/L suspended solids and 10 mg/L BOD) which is 
suitable for discharging directly into a watercourse. SBRs can be designed and operated to enhance removal of nitrogen, 
phosphorus, and ammonia, in addition to removing TSS and BOD of the wastewater. 
 
1.4 Industrial wastewater treatment 
 
x Industrial waste treatment and management is very complex in context of the complex nature and high 
 strengths of the wastewaters. Its management therefore requires a very scientific and engineered integration of all 
 possible methodologies. 
 
x Common effluent treatment is an UMBRELLA concept which covers major methodologies of waste collection and 
 treatment at a common facility. Still, due to the varying characteristics and quantities of the  effluents from different 
 industries, the CETPs are not able to perform in treating these wastes. Therefore every member of the CETP should
 be made mandatory to install a complete primary treatment facility at their industry and then discharge the
 effluents to the CETP. 
 
x All decentralized (non CETP members) orange and red category industries must provide and operate the 
 effluent treatment facility and attain zero discharge. 
 
1.5 A Case Study of Wastewater Scenario of Indian Cities and the way ahead 
 
The sewage generated in class-I cities of India is estimated to 35558.12 MLD. 93% of total wastewater is generated in 
Class-I cities only. Total Sewage treatment Capacity of class-I cities is reported 11553.68 MLD, which is only 32% of the 
sewage generation. Out of 11553.69 MLD sewage treatment capacity, 8040 MLD (i.e. 69%) is treated in 35 Metropolitan 
cities. This indicates that other than metropolitan cities, the capacity of 462 Class-I cities is only 31%. Actual sewage 
treatment due to inadequacy of the sewage collection system shall be low compared to the whole capacity [2]. The above 
mentioned wastewater treatment technologies viz. membrane bioreactor system and sequential batch reactor have a good 
potential for treating the huge quantities of wastewater thereby addressing the burning environmental problem.    
 
2.  Air Pollution Management 
Quality of air is one of the important factors affecting our health. With the onset of industrialization and urbanization and 
shrinking green cover, the concentration of the various air pollutants like Suspended Particulate Matter (SPM), Respirable 
Suspended Particulate Matter (RSPM), SOx, NOx, CO, etc. have considerably increased. Inhaling this polluted air results in 
various health problems like causing irritation of respiratory system, reducing lung capacity, asthma, bronchitis, etc. thereby 
shrinking the healthy life span of the human beings [7.8]. In addition to this, these days people are suffering because of the 
‘sick building syndrome’[9]. The reduced ‘air changes’ in the building considerably alters the indoor air quality thereby 
affecting the people’s health. Thus is it very important to assess the quality of air, both indoor and outdoor and also to 
undertake the spatio-temporal air quality analysis which would give key inputs for evolving the air pollution management 
plan. 
 
For assessing the air quality at a city level, a high resolution gridded emission inventory should be developed [10-14] which 
would tell about the details of the various air pollutants viz. the type of air pollutants and their rate of emission and / or 
formation. The gridded emission inventory coupled with the meteorological parameters viz. wind speed, wind direction, dry 
bulb temperature, wet bulb temperature, relative humidity, rainfall, atmospheric stability, solar insolation, etc. which would 
form the basis of the dispersion of these pollutants leading to identifying the hot spots of the various air pollutants. The 
modeled air pollutant concentrations of these hotspots should then be compared with some real time measurements of the 
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respective area for validating the entire scheme of air pollution modelling. Juxtaposing the emission inventory and the air 
pollution hot spots would help to establish the cause-effect relationship for the air pollution scenario. It forms a scientific 
basis for suggesting various remedial action plans viz. relocating the industries, suggesting new roadways, etc. As there 
should be special attention given for increasing the green cover in the high built-up areas, the dividers of the roadways, 
footpaths, boundaries of the various residential complexes should be invariably used for plantation. The option of the roof-
top gardens should also be explored as they not only help in sequestering the various air pollutants but also reduce the heat 
gain of the building thereby reducing the air-conditioning demand. Concepts of ‘Green Advertisements’ should be explored 
where various hoardings are developed with various plants. Awareness in the form of how various indoor plants improve 
the indoor air quality should be brought in thereby countering the ‘sick building syndrome’. Various corporate should be 
roped in for evolving a culture of giving ‘Green Gifts’ (indoor plants). All these actions when clubbed together would help 
in improving the quality of air without affecting the accelerated rate of developed.      
3. Drinking Water Management  
To make water infrastructure sustainable, it is necessary that communities it serves are sustainable. Citizens and decision 
makers should understand the value of water infrastructure and the services provided. Drinking water systems should use 
robust and comprehensive planning processes to pursue water infrastructure investments that are cost  effective over their 
life cycle, are resource efficient. If communities are lacking in the technical and financial capacity to become sustainable, 
they should be encouraged to acquire it as a condition of financial assistance. Today many urban areas are overexploited or 
critically exploited in terms of water usage, resulting in depleting water sources and deteriorating qualities of water. Citizens 
should be made aware through training and campaign about their water budgeting. Any deficit in water quantity should be 
compensated by water recharging. To ensure sustainability the following three basic principles should be adopted:  
 
(i)  By adopting demand driven responsive and adaptable approach based on empowerment of users to ensure their full 
 participation in the project through a decision making role in choice of scheme design, control of finances and 
 management arrangements. 
(ii)  Increasing role of government for empowering user groups for sustainable management of drinking water. 
(iii)  Partial capital cost sharing and full responsibility of operation and maintenance by end users. 
4. Traditional Building Technologies 
In order to cope up with the growing population of the world, it is not only our responsibility but rather an absolute 
necessity to administer the consumption of our earth’s precious resources. Knowing the fact that the resources provided to 
us are definite, there arises a need to make a shift towards sustainable technologies. Tremendous amount of energy is 
consumed by the buildings and therefore some energy efficient strategies needs to be incorporated and integrated during the 
design, material selection, construction and operation of these building projects. Understanding the importance of energy 
efficiency, there has been a revival of interest in traditional building technologies such as Rammed Earth constructions. This 
ancient technology sets an example by making use of the locally available earth as a principal construction material. It has 
grabbed attention due to its credentials such as low carbon emission, use of locally available materials, low energy intensity, 
utilization of recyclable materials and contribution to building heath and performance. There is an instant need to develop, 
research and enhance such technologies where energy consumption for the manufacturing of materials is minimal, materials 
are reusable, recyclable, requires less travel time for transportation and have health & ecological benefits. Hence the 
application of traditional construction techniques combined with the modern technologies can provide a highly sustainable 
future and make a valuable contribution to today’s construction industry. 
5. On-road Vehicular Movement Management 
Increasing travel demand is rapidly deteriorating the level of service on road in most of the Indian metropolitan cities 
because of the higher vehicle growth, inadequate transportation system and parking facility, absence of pedestrian facilities, 
etc. In the absence of appropriate public transport system, vehicle ownership is increased and causing the traffic congestion 
on road. To cater the increased demand for the growing number of city residents to jobs, educations, recreations and such 
other needs within region, the National Urban Transport Policy (NUTP) was launched by Ministry of Urban Development 
(MoUD) in 2006. The objective of the NUTP is to provide safe, affordable, quick, comfortable, reliable and sustainable 
access to the desired origin-destination pair. The underlying aim is to create a policy that would lead to building people 
centric urban transport instead of being focused on improving conditions for private motor vehicles. To realize its objective 
it recommends: integrated land use and transport planning, equitable allocation of road space, priority to public transport, 
priority to non-motorized transport, discourage use of personal motor vehicles, coordinated planning and association with 
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private sector. It is at this juncture, technological inputs are required in terms of Intelligent Transportation System for both 
private and public vehicular system also. 
6. Conclusions: 
Striking harmony with environment and development is the prime responsibility of the technologists. The paper 
encompasses the major technological aspects applicable for evolving sustainable cities. The addressed issues shall be very 
helpful for formulating the guidelines for developments in pace with the environment in the modern era thus ushering the 
concept of sustainable development. If the basic elements essential for life viz. air, water, food and shelter are scientifically 
managed with the philosophy of resource optimization, then the generations after generations can enjoy the journey of life 
comfortably.     
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